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5j)  A  process  for  forming  an  autodeposited  coating  and  an  autodepositing  coating  composition. 

The  invention  relates to  an  autodeposition  process  and  to 
an  autodepositing  composition.  In  processes  for  forming  an 
autodeposited  coating  on  a  ferrous  surface  by  contacting  the 
surface  with  an  autodepositing  coating  composition  of  the 
kind  wherein  ferrous  iron  is  formed  in  the  composition  from 
the  dissolution  of  the  ferrous  surface  and  on  continued  use 
tends  to  build  up  in  concentration  thereby  adversely  affecting 
the  performance  of  the  composition,  the  invention  provides 
the  improvement  of  including  in  the  composition  a  carboxylic 
acid  which  is  effective  in  complexing  ferrous  iron  whereby the 
coating  effectiveness  of the  composition  is  maintained. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   f o r   f o r m i n g  

3n  a u t o d e p o s i t e d   c o a t i n g   and  an  a u t o d e p o s i t i n g   c o a t i n g  

c o m p o s i t i o n ,   in   p a r t i c u l a r   to  i m p r o v e d   means   f o r   m a i n -  

t a i n i n g   t he   e f f e c t i v e n e s s   of  an  a u t o d e p o s i t i n g   c o a t i n g  

c o m p o s i t i o n .  

I t   i s   known  tc   p r o v i d e   w a t e r - b a s e d   c o a t i n g  

c o m p o s i t i o n s   w h i c h   a re   e f f e c t i v e ,   w i t h o u t   t he   a id   o f  

e l e c t r i c i t y ,   in  f o r m i n g   on  m e t a l l i c   s u r f a c e s   i m m e r s e d  

t h e r e i n   o r g a n i c   c o a t i n g s   t h a t   i n c r e a s e   in   t h i c k n e s s  

or   w e i g h t   t he   l o n g e r   t h e   t i m e   t h e   s u r f a c e s   a re   i m m e r s e d  

in  t h e   c o m p o s i t i o n s .   ( F o r   c o n v e n i e n c e ,   a  c o a t i n g  

f o r m e d   f rom  such   a  c o m p o s i t i o n   i s   h e r e i n a f t e r   r e f e r r e d  

to  as  an  " a u t o d e p o s i t e d   c o a t i n g " . )   S p e a k i n g   g e n e r a l l y ,  

a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n s   w h i c h   a re   s o  

e f f e c t i v e   c o m p r i s e   a c i d i c   a q u e o u s   c o a t i n g   s o l u t i o n s  

h a v i n g   d i s p e r s e d   t h e r e i n   p a r t i c l e s   of  an  o r g a n i c  

m a t e r i a l   s u c h   as  r e s i n   p a r t i c l e s .   A u t o d e p o s i t e d  

c o a t i n g s   a re   f o r m e d   f r o m   such  c o m p o s i t i o n s   as  a  r e s u l t  

of  t h e i r   a b i l i t y   to   a t t a c k   and  d i s s o l v e   f rom  t h e  

m e t a l l i c   s u r f a c e   m e t a l   i o n s   in  a m o u n t s   wh ich   c a u s e   t h e  

o r g a n i c   p a r t i c l e s   to  d e p o s i t   on  t he   s u r f a c e   in  a  

m a n n e r   such   t h a t   t h e r e   i s   a  c o n t i n u o u s   b u i l d - u p   o f  

o r g a n i c   c o a t i n g   on  t h e   s u r f a c e .  

C o a t i n g s   f o r m e d   f rom  s u c h   c o m p o s i t i o n s   a r e  

d i s t i n c t l y   d i f f e r e n t   f rom  c o a t i n g s   f o r m e d   by  i m m e r s i n g  



t h e   m e t a l l i c   s u r f a c e s   i n   c o n v e n t i o n a l   l a t i c e s ,   t h a t   i s ,  

c o m p o s i t i o n s   c o m p r i s i n g   s o l i d   r e s i n   p a r t i c l e s   d i s p e r s e d  

in   w a t e r .   The  w e i g h t   or   t h i c k n e s s   o f  a   c o a t i n g   f o r m e d  

by  i m m e r s i n g   a  m e t a l l i c   s u r f a c e   in   a  c o n v e n t i o n a l  

l a t e x   is   n o t   i n f l u e n c e d   by  t h e   t i m e   t h e   s u r f a c e   i s  

i m m e r s e d   in   t h e   l a t e x .   I t   i s   in   t h e   ma in   i n f l u e n c e d  

by  t h e   a m o u n t   of   r e s i n   s o l i d s   d i s p e r s e d   in   t he   a q u e o u s  
m e d i u m .  

C o a t i n g s   f o r m e d   f r o m   a u t o d e p o s i t i n g   c o a t i n g  

c o m p o s i t i o n s   a r e   a l s o   d i s t i n c t l y   d i f f e r e n t   f rom  c o a t i n g s  

f o r m e d   f r o m   e a r l i e r   known  a c i d i c   a q u e o u s   c o a t i n g  

s o l u t i o n s   c o n t a i n i n g   d i s p e r s e d   s o l i d   r e s i n   p a r t i c l e s  

and  r e l a t i v e l y   h i g h   a m o u n t s   of  w a t e r   s o l u b l e   c o r r o s i o n  

i n h i b i t o r s ,   s u c h   as  c o m p o u n d s   c o n t a i n i n g   h e x a v a l e n t  

c h r o m i u m .   The  u se   of  r e l a t i v e l y   h i g h   a m o u n t s   o f  

c o r r o s i o n   i n h i b i t o r s   in  s u c h   s o l u t i o n s   d e t e r s   a t t a c k  

of   t he   m e t a l l i c   s u r f a c e   t o   an  e x t e n t   s u c h   t h a t   r e s i n o u s  

c o a t i n g s   w h i c h   grow  w i t h   t i m e   a re   n o t   o b t a i n e d .   T h u s ,  

r e s i n o u s   c o a t i n g s   f o r m e d   by  i m m e r s i n g   m e t a l l i c   s u r f a c e s  

in  s u c h   c o m p o s i t i o n s   a r e   l i k e   t h o s e   f o r m e d   f r o m  

i m m e r s i n g   t h e   m e t a l l i c   s u r f a c e s   in   c o n v e n t i o n a l   l a t i c e s  

in   t h a t   t h e y   do  n o t   g row  w i t h   t i m e .  

The  use   of   a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n s  

o f f e r s   a  n u m b e r   of  a d v a n t a g e s .   F o r   e x a m p l e ,   o t h e r  

f a c t o r s   h e l d   c o n s t a n t ,   t h e y   can   be  u s e d   to   a p p l y   t h i c k e r  

o r g a n i c   c o a t i n g s   to   m e t a l l i c   s u r f a c e s   in   a  r e l a t i v e l y  

s h o r t   p e r i o d   of   t i m e   and  in   a  o n e - s t e p   o p e r a t i o n .   A l s o ,  

t h e   c o a t i n g   t h i c k n e s s   can   be  c o n t r o l l e d   by  v a r y i n g   t h e  

i m m e r s i o n   t i m e   of  t h e   m e t a l l i c   s u r f a c e   i n   t he   c o a t i n g  

c o m p o s i t i o n .   In  g e n e r a l ,   c o a t i n g s   w h i c h   have   i m p r o v e d  

c o r r o s i o n   r e s i s t a n t   p r o p e r t i e s   and  a e s t h e t i c   a p p e a r a n c e  

a r e   o b t a i n a b l e .   T h e s e   a r e   b u t   a  few  of  t h e   a d v a n t a g e s  

w h i c h   f o l l o w   f r o m   t h e   u s e   o f   s u c h   c o m p o s i t i o n s .  



I t   is   known  t h a t   as  a u t o d e p o s i t i n g   c o a t i n g   c o m -  

p o s i t i o n s   a re   u s e d   c o n t i n u o u s l y   to   c o a t   m e t a l l i c  

s u r f a c e s   i m m e r s e d   t h e r e i n ,   c o a t i n g s   f o r m e d   f rom  t h e  

c o m p o s i t i o n s   t e n d   to   become   t h i n n e r ,   t he   l o n g e r   t h e  

u s e .   C o n t i n u e d   use   of   t h e   c o m p o s i t i o n s   can  r e s u l t  

in  t he   d e s t a b i l i s a t i o n   of  t h e   c o m p o s i t i o n s   as  m a n i -  

f e s t e d   by  the   t e n d e n c y   of  t he   d i s p e r s e d   s o l i d  

p a r t i c l e s   to  f l o c c u l a t e ,   c o a g u l a t e   a n d / o r   ge l   t h r o u g h -  

ou t   t h e   c o m p o s i t i o n s .  

The  p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   to  m a i n t a i n i n g  
t h e   e f f e c t i v e n e s s   of  a  c o m p o s i t i o n   of  t he   k i n d   w h i c h  

f o r m s   a u t o d e p o s i t e d   c o a t i n g s   on  a  f e r r o u s   m e t a l   s u r f a c e  

as  the   c o m p o s i t i o n   i s   u s e d   in   a  c o n t i n u o u s   o p e r a t i o n  
to  c o a t   a  f e r r o u s   m e t a l   s u r f a c e .   The  t e r m   " f e r r o u s "  

as  u s e d   h e r e i n   means   i r o n   and  a l l o y s   of  i r o n .  

A u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n s   and  the   u s e  
t h e r e o f   are   d i s c l o s e d   in   U . S .   P a t e n t   S p e c i f i c a t i o n s  

Nos.   3 , 5 8 5 , 0 8 4 ;   3 , 5 9 2 , 6 9 9 ;   3 , 7 7 6 , 8 4 8 ;   3 , 7 9 1 , 4 3 1 ;  

3 , 7 9 5 , 5 4 6 ;   3 , 8 2 9 , 3 7 1 ;   3 , 8 3 9 , 0 9 7 ;   3 , 9 1 4 , 5 1 9 ;  

3 , 9 3 6 , 5 4 6 ;   3 , 9 5 5 , 5 3 2 ;   3 , 9 6 0 , 6 1 0 ;   4 , 0 1 2 , 3 5 1 ;  

4 , 0 3 0 , 9 4 5 ;   4 , 1 0 3 , 0 4 9 ;   4 , 1 0 4 , 4 2 4 ;   4 , 1 0 8 , 8 1 7 ;  

and  4 , 1 8 6 , 2 1 6 .   The  s p e c i f i c a t i o n s   d i s c u s s e d   b e l o w  
d i s c l o s e   v a r i o u s   m e t h o d s   f o r   m a i n t a i n i n g   t h e   e f f e c t i v e -  

n e s s   of  a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n s   as  t h e y  

are   u s e d .  

U .S .   P a t e n t   S p e c i f i c a t i o n   No.  3 , 7 9 1 , 4 3 1   d i s c l o s e s  

t r e a t i n g   an  a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n   in   a  

m a n n e r   such   t h a t   e x c e s s i v e   a m o u n t s   of  m e t a l  i o n s ,   w h i c h  

t e n d   to  b u i l d   up  in  t h e   c o m p o s i t i o n   as  i t   is   u s e d  

c o n t i n u o u s l y   and  w h i c h   c a u s e   t h e   c o m p o s i t i o n   to   b e c o m e  

u n s t a b l e ,   a re   r e m o v e d   or   c o n v e r t e d   to  a n  i n n o c u o u s   f o r m ,  

i n c l u d i n g   a  s o l u b l e   c h e l a t e d   f o r m .   Th i s   s p e c i f i c a t i o n  

d i s c l o s e s   an  a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n   w h i c h  



i n c l u d e s   an  o r g a n i c   c o a t i n g - f o r m i n g   m a t e r i a l ,   a c i d ,  

and  an  o x i d i z i n g   a g e n t ,   f o r   e x a m p l e ,   h y d r o g e n   p e r o x i d e .  

( F o r   c o n v e n i e n c e ,   t h i s   c o m p o s i t i o n   i s   r e f e r r e d   t o  

h e r e a f t e r   as  " t h e   H 2 0 2 - c o n t a i n i n g   c o m p o s i t i o n " . )  

A n o t h e r   a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n ,   a n d  

one  t h a t   i s   n o t   d i s c l o s e d   s p e c i f i c a l l y   in   U .S .   P a t e n t  

S p e c i f i c a t i o n   No.  3 , 7 9 1 , 4 3 1 ,   i s   d i s c l o s e d   i n   U . S .  

P a t e n t   S p e c i f i c a t i o n s   Nos .   4 , 1 0 3 , 0 4 9   and  4 , 1 8 6 , 2 1 9 .  
T h e s e   s p e c i f i c a t i o n s   d i s c l o s e   an  a u t o d e p o s i t i n g   c o a t i n g  

c o m p o s i t i o n   c o m p r i s i n g   an  o r g a n i c   c o a t i n g - f o r m i n g  

m a t e r i a l ,   HF,  and  d i s s o l v e d   f e r r i c   i r o n .   ( F o r   c o n -  

v e n i e n c e ,   t h i s   c o m p o s i t i o n   i s   r e f e r r e d   to   h e r e a f t e r  

as  " t h e   f e r r i c   i r o n - c o n t a i n i n g   c o m p o s i t i o n " ) .  

One  of   t h e   d i f f e r e n c e s   b e t w e e n   t h e   H 2 0 2 - c o n t a i n i n g  
and  t h e   f e r r i c   i r o n - c o n t a i n i n g   c o m p o s i t i o n s   i s   t h a t   t h e  

n a t u r e   of  t h e   f o r m e r   i s   such   t h a t   m e t a l   w h i c h   i s  

d i s s o l v e d   f rom  t h e   m e t a l   s u b s t r a t e   i s   o x i d i z e d   p r o m p t l y  

to  a  h i g h e r   v a l e n c e   s t a t e .   For   e x a m p l e ,   in   c o a t i n g   a n  

i r o n   s u b s t r a t e ,   i r o n   i s   o x i d i z e d   i n i t i a l l y   to   f e r r o u s  

i r o n   w h i c h   i s   t h e n   o x i d i z e d   by  H202  ( o r   o t h e r   e q u i v a l e n t  

o x i d i z i n g   a g e n t )   to  t h e   f e r r i c   s t a t e .   On  t h e   o t h e r   h a n d ,  

w i t h   t h e   f e r r i c   i r o n - c o n t a i n i n g   c o m p o s i t i o n s ,   t h e r e   i s  

l i t t l e   or   no  t e n d e n c y   f o r   t h e   f e r r o u s   i r o n   w h i c h   i s  

d i s s o l v e d   i n i t i a l l y   f r o m   t h e   s u b s t r a t e   t o   be   o x i d i z e d  

to  t h e   f e r r i c   s t a t e ,   and  a c c o r d i n g l y ,   f e r r o u s   i r o n   t e n d s  

to  b u i l d   up  in   c o n c e n t r a t i o n   in   t h e   c o m p o s i t i o n .  

U . S .   P a t e n t   S p e c i f i c a t i o n   No.  4 , 1 8 6 , 2 1 9   r e c o g n i s e s  

t h e   s p e c i f i c   p r o b l e m   of  f e r r o u s   i r o n   b u i l d - u p   in   t h e  

f e r r i c   i r o n - c o n t a i n i n g   c o m p o s i t i o n   and  d i s c l o s e s   c o n -  

t r o l l i n g   the   f e r r o u s   i r o n   b u i l d - u p   by  a d d i n g   to  t h e  

c o m p o s i t i o n ,   as  n e e d e d ,   h y d r o g e n   p e r o x i d e   w h i c h   i s  

e f f e c t i v e   i n   o x i d i z i n g   f e r r o u s   i r o n   to  f e r r i c   i r o n .  

The  f e r r i c   i r o n   can  t h e n   be  r e m o v e d   f r o m   t h e   c o m p o s i t i o n  



by  p r e c i p i t a t i o n   w i t h   p h o s p h o r i c   a c i d ,   f o r   e x a m p l e ,   a s  

d i s c l o s e d   in   U . S .   P a t e n t   S p e c i f i c a t i o n   No.  3 , 7 9 1 , 4 3 1 .  

T h i s   c o m b i n e d   use   of  o x i d i z i n g   a g e n t   and  p h o s p h o r i c  

a c i d   can  l e a d   to   t h e   f o r m a t i o n   of  f e r r i c   p h o s p h a t e  

s l u d g e ,   w h i c h   s h o u l d   be  r e m o v e d   f rom  the   c o m p o s i t i o n  

as  e x c e s s i v e   q u a n t i t i e s   a c c u m u l a t e .  

We  have   now  f o u n d   s u r p r i s i n g l y   t h a t   i m p r o v e d  

means   f o r   m a i n t a i n i n g   t h e   c o a t i n g   e f f e c t i v e n e s s   a n d  

t he   s t a b i l i t y   of  a  b a t h   of   a u t o d e p o s i t i n g   c o a t i n g  

c o m p o s i t i o n ,   t h e r e b y   to   p r o l o n g   t h e   u s e f u l n e s s   of  t h e  

c o m p o s i t i o n ,   can  be  p r o v i d e d   by  the   use   in  an  a u t o -  

d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n   of  a  c a r b o x y l i c   a c i d  

wh ich   i s   e f f e c t i v e   in   c c m p l e x i n g   f e r r o u s   i r o n .  

A c c o r d i n g l y ,   t h e   p r e s e n t   i n v e n t i o n   in  one  a s p e c t  

p r o v i d e s   a  p r o c e s s   f o r   f o r m i n g   an  a u t o d e p o s i t i n g   c o a t i n g  

on  a  f e r r o u s   s u r f a c e ,   w h i c h   p r o c e s s   c o m p r i s e s   c o n t a c t i n g  

t h e   s u r f a c e   w i t h   an  a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n  

of  t he   k i n d   w h e r e i n   f e r r o u s   i r o n   is   f o r m e d   in  the  c o m -  

p o s i t i o n   f rom  t h e   d i s s o l u t i o n   of  t h e   f e r r o u s   s u r f a c e  

and  on  c o n t i n u e d   use   t e n d s   tc   b u i l d   up  in  c o n c e n t r a t i o n  

t h e r e b y   a d v e r s e l y   a f f e c t i n g   the   p e r f o r m a n c e   of  t h e  

c o m p o s i t i o n   c h a r a c t e r i s e d   i n   t h a t   a  c a r b o x y l i c   a c i d  

w h i c h   is   e f f e c t i v e   in   c o m p l e x i n g   f e r r o u s   i r o n   i s  

i n c l u d e d   in   t h e   c o m p o s i t i o n   in   an  amount   e f f e c t i v e   t o  
m a i n t a i n   t h e   c o a t i n g   e f f e c t i v e n e s s   of  the   c o m p o s i t i o n .  

In  a n o t h e r   a s p e c t   t h e   i n v e n t i o n   p r o v i d e s   an  a u t o -  

d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n   f o r   use   in  f o r m i n g   a n  

a u t o d e p o s i t e d   c o a t i n g   on  a  f e r r o u s   s u r f a c e   and  of  t h e  
k i n d   w h e r e i n   f e r r o u s   i r o n   t e n d s   to   b u i l d   up  in   c o n c e n -  
t r a t i o n   in   t h e   c o m p o s i t i o n   and  a d v e r s e l y   to  a f f e c t   t h e  

c o a t i n g   c a p a b i l i t i e s   of  t h e   c o m p o s i t i o n   as  i t   i s   u s e d  

c o n t i n u o u s l y   to  c o a t   f e r r o u s   s u r f a c e s   c h a r a c t e r i s e d   i n  
t h a t   s a i d   c o m p o s i t i o n   c o n t a i n s   a  c a r b o x y l i c   a c i d   w h i c h  



i s   e f f e c t i v e   i n   f o r m i n g   a  c o m p l e x   w i t h   s a i d   f e r r o u s  

i r o n   in   an  a m o u n t   e f f e c t i v e   to  m a i n t a i n   t h e   c o a t i n g  

c a p a b i l i t i e s   of  t h e   c o m p o s i t i o n .  

C a r b o x y l i c   a c i d s   p a r t i c u l a r l y   e f f e c t i v e   in   c o m -  

p l e x i n g   f e r r o u s   i r o n   in   a u t o d e p o s i t i n g   c o a t i n g  

c o m p o s i t i o n s   a c c o r d i n g   to   t he   i n v e n t i o n ,   as  e x e m p l i -  

f i e d   in  t h e   e x a m p l e s   b e l o w ,   have   a  d i s s o c i a t i o n  

c o n s t a n t   of   f r o m   a b o u t   1 . 5   x  1 0 - 5   to   a b o u t   1  x  1 0 - 3 .  

I n   p r e f e r r e d   f o r m ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s  

and  u s e s   an  a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n   p r e -  

p a r e d   f r o m   a  l a t e x ,   h y d r o f l u o r i c   a c i d   and  a  f e r r i c  

s a l t ,   p r e f e r a b l y   f e r r i s   f l u o r i d e ,   p r e f e r a b l y   t o g e t h e r  .  
w i t h   a  c a r b o x y l i c   a c i d   h a v i n g   a  d i s s o c i a t i o n   c o n s t a n t  

of  f r o m   a b o u t   1 . 5   x  1 0 - 5   to  a b o u t   1  x  1 0 - 3   w h i c h   i s  

e f f e c t i v e   in   c o m p l e x i n g   f e r r o u s   i r o n   in   t h e   c o m p o s i t i o n .  

The  u se   of   t he   f e r r o u s   c o m p l e x e r   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   a v o i d s   or   m i n i m i z e s   p r o b l e m s  

n o r m a l l y   e n c o u n t e r e d   as  a  r e s u l t   of  t h e   b u i l d - u p   o f  

f e r r o u s   i r o n   in  t h e   c o m p o s i t i o n .   E x a m p l e s   of  s u c h  

p r o b l e m s   i n c l u d e   a  r e d u c t i o n   in   t h e   r a t e   of  c o a t i n g  

f o r m a t i o n   by  t h e   c o m p o s i t i o n ,   t h e   f o r m a t i o n   o f  

c o a t i n g s   w h i c h   h a v e   a  r e d u c e d   t e n d e n c y   to   r e s i s t   a  

w a t e r   r i n s e ,   and  c o a g u l a t i o n   of   r e s i n   t h r o u g h o u t   t h e  

c o m p o s i t i o n .   C o m p a r e d   to  t h e   h e r e t o f o r e   known  m e t h o d  

f o r   c o p i n g   w i t h   f e r r o u s   i r o n   b u i l d - u p   w h i c h   i n v o l v e s  

the   f o r m a t i o n   of  f e r r i c   p h o s p h a t e   s l u d g e   as  m e n t i o n e d  

a b o v e ,   one  of   t h e   a d v a n t a g e s   of   t h e   p r e s e n t   i n v e n t i o n  

i s   t h a t   t h e   s t e p s   of  c o l l e c t i o n   and  d i s p o s a l   of  s u c h  

s l u d g e   can   be  a v o i d e d .  

C o a t i n g - f o r m i n g   m a t e r i a l s   w h i c h   may  be  u s e d   i n  

a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n s   a c c o r d i n g   to   t h e  

i n v e n t i o n   i n c l u d e   r e s i n s   w h i c h   a r e   s o l u b l e   in   t h e  

c o m p o s i t i o n   or   w h i c h   a r e   c a p a b l e   of   b e i n g   d i s p e r s e d  



t h e r e i n   in   t h e   f o r m   of  s o l i d   p a r t i c l e s   or  in   e m u l s i f i e d  

f o r m .   The  use   of   d i s p e r s e d   r e s i n   p a r t i c l e s ,   m o s t  

p r e f e r a b l y   s u p p l i e d   in  t h e   form  of  a  l a t e x ,   i s  

p r e f e r r e d .   E x a m p l e s   of  r e s i n s   t h a t   may  be  u s e d   a r e  

p o l y e t h y l e n e ,   p o l y a c r y l i c s   and  s t y r e n e - b u t a d i e n e  

c o p o l y m e r s .   In  a d d i t i o n ,   epoxy   r e s i n s   may  be  u s e d .  

For   e x a m p l e ,   e p o x y   r e s i n s ,   f o r   e x a m p l e ,   EFON  r e s i n s ,  

p r o d u c t s   of  S h e l l   C h e m i c a l   C o . ,   may  be  e m u l s i f i e d   w i t h  

t o l u e n e   to   p r o d u c e   a  w a t e r - e m u l s i f i e d   e p o x y   r e s i n .  

P a r t i c u l a r l y   u s e f u l   l a t i c e s   c o m p r i s e   s t y r e n e - b u t a d i e n e  

l a t i c e s   s o l d   u n d e r   t h e   t r a d e m a r k   DAREX,  by  W.R.  G r a c e  

&  C o .  

The  amoun t   of  r e s i n   u t i l i s e d   may  v a r y   o v e r   a  w i d e  

r a n g e .   The  l o w e r   c o n c e n t r a t i o n   l i m i t   i s   d i c t a t e d   b y  

t h e   amoun t   of  r e s i n   n e e d e d   to  p r o v i d e   s u f f i c i e n t  

m a t e r i a l   to  f o rm  a  c o a t i n g .   The  u p p e r   l i m i t   i s  

d i c t a t e d   by  t h e   amoun t   of  m a t e r i a l   t h a t   can  be  d i s -  

p e r s e d ,   d i s s o l v e d   or  e m u l s i f i e d   in   the   c o a t i n g  

c o m p o s i t i o n .   The  c o m p o s i t i o n   may  c o m p r i s e   f rom  a b o u t  

5  to  a b o u t   550  g / 1 ,   p r e f e r a b l y   f rom  a b o u t   100  t o  

a b o u t   300  g /1   of  r e s i n .  

The  p r e f e r r e d   a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n  

i s   p r e p a r e d   f rom  h y d r o f l u o r i c   a c i d   and  has   a  pH  o f  

f rom  a b o u t   1 . 6   to   a b o u t   5.  The  p r e f e r r e d   a m o u n t   o f  

h y d r o f l u o r i c   a c i d   i s   f rom  a b o u t   0 . 2   to  a b o u t   5  g / 1  

of  c o m p o s i t i o n .   A l t h o u g h   o t h e r   a c i d s   may  be  u s e d ,   a s  

known,   h y d r o f l u o r i c   a c i d   has   t h e   a d v a n t a g e   t h a t   i t s  

a n i o n   c o m p l e x e s   w i t h   f e r r i c   i r o n .  

The  p r e f e r r e d   a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n  

i s   p r e p a r e d   f r o m   a  s o l u b l e   f e r r i c   s a l t ,   f o r   e x a m p l e ,  

f e r r i c   n i t r a t e   or   f e r r i c   c h l o r i d e ,   b u t   most   p r e f e r a b l y  

f e r r i c   f l u o r i d e .   The  p r e f e r r e d   m a k e - u p   c o n c e n t r a t i o n  

of  f e r r i c   i r o n   in   t h e   c o m p o s i t i o n   i s   f rom  a b o u t   0 . 5  



to   a b o u t   5  g / 1 .   I t   i s   p o s s i b l e   a l s o   to   e s t a b l i s h   t h e  

i n i t i a l   c o n c e n t r a t i o n   of   f e r r i c   i r o n   in   s i t u  b y  

i n c l u d i n g   in   t h e   c o m p o s i t i o n   an  o x i d i z i n g   a g e n t ,   f o r  

e x a m p l e ,   h y d r o g e n   p e r o x i d e   w h i c h   i s   c a p a b l e   o f  

o x i d i z i n g   f e r r o u s   i r o n   d i s s o l v e d   f rom  t h e   i r o n  

s u b s t r a t e   to  t h e   f e r r i c   f o r m ,   and  in   t h e   d e s i r e d  

o p e r a t i v e   a m o u n t .  

As  t h e   p r e f e r r e d   a u t o d e p o s i t i n g   c o a t i n g   c o m -  

p o s i t i o n   i s   u s e d ,   i t   i s   b e l i e v e d   t h a t   f e r r o u s   i r o n  

i s   f o r m e d   as  f o l l o w s :  

In  t h e   a b o v e   e q u a t i o n s ,   t he   F e   i s   t h e   f e r r o u s  

s u b s t r a t e   b e i n g   c o a t e d ,   t h e   H+  i s   f r o m   t h e   d i s s o c i a -  

t i o n   of  HF,  and  t h e   F e F 3 ,   w h i c h   f u n c t i o n s   as  t he   b a t h  

a c t i v a t o r ,   i s   i n i t i a l l y   a d d e d   as  a  f e r r i c   s a l t   a s  

n o t e d   a b o v e .   I n a s m u c h   as  t h e r e   a re   no  c o n s t i t u e n t s  

in   t h e   c o m p o s i t i o n   w h i c h   o x i d i z e   t he   f e r r o u s   i r o n   t o  

f e r r i c   i r o n ,   t h e r e   i s   a  b u i l d - u p   of  f e r r o u s   i r o n   i n  

t h e   c o m p o s i t i o n .   A l t h o u g h   f e r r o u s   i r o n   g e n e r a t e d  

f r o m   t h e   s u b s t r a t e   p l a y s   a  n e c e s s a r y   r o l e   in   t h e  

f o r m a t i o n   of  t h e   c o a t i n g   as  r e s i n   i s   d e s t a b i l i s e d   i n  

t h e   r e g i o n   of  t h e   s u b s t r a t e ,   i f   e x c e s s i v e   a m o u n t s   o f  

f e r r o u s   i r o n   a r e   a l l o w e d   to   a c c u m u l a t e   in   t h e  

c o m p o s i t i o n ,   t h e   p r o b l e m s   r e f e r r e d   to  above   can   b e  

e n c o u n t e r e d .  

The  r e d o x   p o t e n t i a l   or  o x i d i z i n g   s t r e n g t h   of   t h e  

c o m p o s i t i o n   t e n d s   to  d e c r e a s e   as  t h e   f e r r i c / f e r r o u s  

r a t i o   d e c r e a s e s .   T h e r e f o r e ,   t h e   c o a t i n g   r a t e   t e n d s  

to   d e c r e a s e   as  t h e   f e r r o u s   i on   c o n c e n t r a t i o n   i n c r e a s e s .  

T h u s ,   to   m a i n t a i n   t he   c o a t i n g   r a t e ,   t h e   c o n c e n t r a t i o n  

of  f e r r o u s   i o n   s h o u l d   be  r e d u c e d .  

I n   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e  



c o n c e n t r a t i o n   of   f e r r o u s   i r o n   can  be  c o n t r o l l e d   b y  

a d d i n g   to  t h e   a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n   o n e  

or   more  c a r b o x y l i c   a c i d s   w h i c h   are   e f f e c t i v e   i n  

f o r m i n g   a  f e r r o u s   i r o n   c o m p l e x .   U s e f u l   c a r b o x y l i c  

a c i d s   i n c l u d e ,   f o r   e x a m p l e ,   s u c c i n i c ,   c i t r i c ,   i t a c o n i c ,  

m a l i c ,   l a c t i c ,   g a l l i c ,   t a r t a r i c ,   f u m a r i c ,   g l a c i a l  

a c r y l i c   and  a c e t i c .   The  p r e f e r r e d   c a r b o x y l i c   a c i d  

i s   c i t r i c   a c i d .   The  c a r b o x y l i c   a c i d   s h o u l d   be  u s e d  

in  an  amoun t   s u f f i c i e n t   to  complex   e n o u g h   f e r r o u s  

i r o n  t o   m a i n t a i n   t h e   e f f e c t i v e n e s s   of  t he   c o m p o s i t i o n .  

As  i s   t y p i c a l l y   t he   c a s e   in  a u t o d e p o s i t i o n ,   t h e r e  

a re   many  f a c t o r s   w h i c h   have   an  i n f l u e n c e   on  t h e  

n u m e r i c a l   v a l u e   at  w h i c h   t h e   c o n c e n t r a t i o n   of  t h e  

f e r r o u s   i r o n   s h o u l d   be  m a i n t a i n e d ,   and  a c c o r d i n g l y ,  
i t   i s   r e c o m m e n d e d   t h a t   f o r   any  p a r t i c u l a r   p r o c e s s ,  

e m p i r i c a l   d e t e r m i n a t i o n s   be  made  as  to  t he   v a l u e   o r  

r a n g e   of  v a l u e s   w i t h i n   w h i c h   t he   c o n c e n t r a t i o n   s h o u l d  

be  m a i n t a i n e d .   T h i s   w i l l   g o v e r n   t h e   amount   o f  

c a r b o x y l i c   a c i d   c o m p l e x e r   to   u s e ,   w h i c h   amount   c a n  

v a r y   f o r   a  p a r t i c u l a r   a p p l i c a t i o n ,   d e p e n d i n g   on  t h e  

p a r t i c u l a r   a c i d   s e l e c t e d   f o r   u s e . .   Fo r   g u i d e l i n e  

p u r p o s e s ,   i t   i s   r e c o m m e n d e d   t h a t   t h e r e   may  be  a d d e d  

to  t he   c o m p o s i t i o n   f rom  a b o u t   0 . 5   t o  a b o u t   10  g /1   o f  

t h e   c a r b o x y l i c   a c i d   c o m p l e x e r .   The  c o m p l e x e r   may  b e  

a d d e d   to  t he   c o m p o s i t i o n   p e r i o d i c a l l y   or  c o n t i n u o u s l y .  
The  a d d i t i o n   of  a  f e r r o u s   i r o n   c o m p l e x e r   to  a  

b a t h   of  a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n   p e r m i t s   t h e  

b a t h   to  be  o p e r a t e d   f o r   a  l o n g e r  p e r i o d   of  t i m e  

w i t h o u t   h a v i n g   to   add  an  o x i d i z i n g   a g e n t ,   f o r   e x a m p l e ,  

h y d r o g e n   p e r o x i d e ,   w h i c h   i s   c a p a b l e   of  o x i d i z i n g  

f e r r o u s   i r o n   to  f e r r i c   i r o n .   ( A n o t h e r   a d v a n t a g e   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   t h a t   t he   f e r r o u s   i r o n   c o m -  

p l e x e r   is   no t   c o n s u m e d ,   as  i s   h y d r o g e n   p e r o x i d e ,   i n  



c o n v e r t i n g   t h e   f e r r o u s   i r o n   to  i t s   i n n o c u o u s   s t a t e . )  

H o w e v e r ,   a l t h o u g h   n o t   r e q u i r e d ,   h y d r o g e n   p e r o x i d e   m a y  
be  a d d e d   to   t h e   b a t h   to  o x i d i z e   some  f e r r o u s   i r o n   t o  

f e r r i c   i r o n .   T h i s   f r e e s   some  of  t h e   f e r r o u s   i r o n  

c o m p l e x e r   to  c o m p l e x   f e r r o u s   i r o n   n o t   c o m p l e x e d   w h i l e  

f o r m i n g ,   in   s i t u ,   f e r r i c   i r o n   w h i c h   i s   one  of   t h e  

e s s e n t i a l   c o n s t i t u e n t s   of  t he   b a t h .   W i t h   c o n t i n u e d   u s e  
of  t h e   b a t h ,   t h e   f e r r o u s   i r o n   c o m p l e x e r   w i l l   b e  

d e p l e t e d   e v e n t u a l l y   t h r o u g h   d r a g - o u t ,   b u t   a t   a  r a t e  

t h a t  " i s   v e r y   s l o w   r e l a t i v e   to   t h e   c o n s u m p t i o n   of   a n  

o x i d i z i n g   a g e n t ,   as  u s e d   in  t he   p r i o r   a r t   m e t h o d  

d e s c r i b e d   a b o v e .  

As  m e n t i o n e d   a b o v e ,   f e r r i c   i r o n   i s   an  e s s e n t i a l  

c o n s t i t u e n t   of   t h e   b a t h .   As  f e r r o u s   s u b s t r a t e s   a r e  

c o a t p d ,   f e r r i c   i r o n   i s   c o n s u m e d .   O t h e r   f a c t o r s   h e l d  

c o n s t a n t ,   t h e   l o w e r   t h e   c o n c e n t r a t i o n   of  f e r r i c   i r o n ,  

the   l o w e r   t h e   r a t e   of  d i s s o l u t i o n   of  t h e   s u b s t r a t e ,  

and  t h e   s l o w e r   t h e   r a t e   of  c o a t i n g   f o r m a t i o n .   T h e  

c o n c e n t r a t i o n   of  f e r r i c   i r o n   can  be  i n c r e a s e d   b y  

f o r m i n g   i t   in   s i t u   as  d e s c r i b e d   a b o v e ,   t h a t   i s ,   b y  

use   of  an  o x i d i z i n g   a g e n t   to   o x i d i z e   f e r r o u s   i r o n  

or   by  a d d i n g   a d d i t i o n a l   f e r r i c - c o n t a i n i n g   m a t e r i a l  

to   t h e   c o m p o s i t i o n .  

A  m e t h o d   of  m o n i t o r i n g   t h e   d e c r e a s e   in   f e r r i c  

i r o n   c o n c e n t r a t i o n   or  i n c r e a s e   i n   u n c o m p l e x e d   f e r r o u s  

i r o n   c o n c e n t r a t i o n   i s   by  m e a s u r i n g   t h e   r e d o x   p o t e n t i a l  

of  t h e   c o m p o s i t i o n .   Any  s u i t a b l e   i n s t r u m e n t   w h i c h   i s  

c a p a b l e   of  m e a s u r i n g   a  d i f f e r e n c e   in   p o t e n t i a l   i n  

m i l l i v o l t s   can   be  u s e d .   For   e x a m p l e ,   a  p o t e n t i o m e t e r  

h a v i n g   a  c a l o m e l   c e l l ,   or  o t h e r   s u i t a b l e   r e f e r e n c e  

c e l l ,   and  a  p l a t i n u m   e l e c t r o d e   can   be  u s e d .   T h e  

e l e c t r o d e s   a r e   c o n t a c t e d   w i t h   t h e   c o m p o s i t i o n   a n d  

t h e   e l e c t r i c a l   p o t e n t i a l   b e t w e e n   t h e   two  e l e c t r o d e s  



i s   m e a s u r e d .   In  the   use   of  s u c h   an  a p p a r a t u s ,  i t  

may  be  o b s e r v e d   t h a t   as  the   c o m p o s i t i o n   i s   u s e d   a n d  

t h e   c o n c e n t r a t i o n   of  f e r r i c   i r o n   d e c r e a s e s ,   t h e  

m i l l i v o l t   r e a d i n g   of  t he   i n s t r u m e n t   t e n d s   to   f a l l .  

A c c o r d i n g l y ,   f o r   any  p a r t i c u l a r   a p p l i c a t i o n ,   t h e  

m i l l i v o l t   r e a d i n g   can  be  r e l a t e d   to  the   p o i n t   a t  

w h i c h   c o a t i n g s   of  u n s u i t a b l e   t h i c k n e s s   a re   f o r m e d .  

In  e f f e c t ,   t h e   m i l l i v o l t   r e a d i n g   r a n g e   of  a  s a t i s -  

f a c t o r i l y   o p e r a t i n g   c o m p o s i t i o n   can  be  d e t e r m i n e d  

and  s t e p s   t a k e n   to   m a i n t a i n   the   m i l l i v o l t   r e a d i n g  

w i t h i n   t h e   d e s i r e d   r a n g e .   As  t h e   f e r r o u s   i r o n  

c o n c e n t r a t i o n   d e c r e a s e s ,   t h e   m i l l i v o l t   r e a d i n g  

i n c r e a s e s .  

A  d e c r e a s e   in  the   c o a t i n g   r a t e ,   once  o b s e r v e d  

may  be  r e v e r s e d   e i t h e r   by  a d d i n g   more  f e r r i c   i r o n   i n  

t h e   fo rm  of  a  f e r r i c   s a l t ,   s u c h   as  n o t e d   a b o v e ,   or  b y  

g e n e r a t i n g   more  f e r r i c   i r o n   in   s i t u   by  the   a d d i t i o n  

of  an  amoun t   of  o x i d i z i n g   a g e n t ,   s u c h   as  h y d r o g e n  

p e r o x i d e ,   e f f e c t i v e   to  o x i d i z e   s u f f i c i e n t   f e r r o u s  

i r o n   to  r e s t o r e   t h e   f e r r i c   i r o n   to  i t s   d e s i r e d  

c o n c e n t r a t i o n .   The  a d d i t i o n   of  o x i d i z i n g   a g e n t  

r e s t o r e s   t h e   f e r r i c   i r o n   c o n c e n t r a t i o n   to   t he   d e s i r e d  

l e v e l ,   r e m o v e s   f e r r o u s   i r o n   f rom  t h e   b a t h   t h r o u g h  

o x i d a t i o n   to  f e r r i c   i r o n ,   and  r e g e n e r a t e s   the   f e r r o u s  

c o m p l e x e r .  
In  v a r i o u s   a p p l i c a t i o n s ,   i t   w i l l   be  f o u n d   t h a t  

t h e   f e r r i c   i r o n   c o n c e n t r a t i o n   d o e s   no t   r a p i d l y  

d e c r e a s e   d u r i n g   c o n t i n u o u s   use   of  t h e   c o m p o s i t i o n ,  

and  t h e r e f o r e ,   t h e   a d d i t i o n   of  a  f e r r i c   s a l t   o r  

g e n e r a t i o n   of  f e r r i c   i r o n   in  s i t u   by  use   of  an  o x i d i z e r  

w i l l   no t   be  r e q u i r e d   f r e q u e n t l y .   H y d r o g e n   p e r o x i d e   i s  

t h e   p r e f e r r e d   o x i d i z i n g   a g e n t   s i n c e   i t   r a p i d l y   o x i d i z e s  

f e r r o u s   i r o n   to   f e r r i c   i r o n   and  f o r m s   w a t e r ,   a  



c o n s t i t u e n t   of  t h e   c o m p o s i t i o n .  

The  p r e s e n t   i n v e n t i o n   may  be  u s e d   w i t h   a u t o -  

d e p o s i t i n g   b a t h s   o p e r a t e d   in   t he   u s u a l   way.   F o r  

e x a m p l e ,   t h e   b a t h   may  be  o p e r a t e d   at  room  t e m p e r a t u r e  

and  may  be  m a i n t a i n e d   at  a  t e m p e r a t u r e   of  f r o m   a b o u t  

20°C  to   a b o u t   4 0 ° C .   C o n t a c t   t i m e s   b e t w e e n   t h e  

s u b s t r a t e s   and  t h e   c o m p o s i t i o n   may  be  f rom  a b o u t   1 5  

s e c o n d s   to   a b o u t   10  m i n u t e s ,   p r e f e r a b l y   f rom  a b o u t  

30  s e c o n d s   to  a b o u t   5  m i n u t e s ,   and  may  be  a c c o m p l i s h e d  

c o n v e n i e n t l y   by  i m m e r s i o n .   O t h e r   i n g r e d i e n t s   may  b e  

i n c l u d e d   in   m i n o r   a m o u n t s   in   t h e   c o m p o s i t i o n s .   F o r  

e x a m p l e ,   c o a l e s c i n g   a g e n t s   ( e . g .   e t h y l e n e   g l y c o l   m o n o -  

b u t y l   e t h e r )   and  p i g m e n t s   ( e . g .   t i t a n i u m   d i o x i d e   a n d  

c a r b o n   b l a c k )   may  be  i n c l u d e d .   E x e m p l a r y   a m o u n t s   o f  

o p t i o n a l   i n g r e d i e n t s   r a n g e   f rom  a b o u t   1  g /1   or  l e s s  

to   a b o u t   100  g / 1 ,   or  m o r e ,   d e p e n d i n g   upon  t h e   n a t u r e  

of  t h e   i n g r e d i e n t   and  t h e   p a r t i c u l a r   c o m p o s i t i o n   u s e d .  

A f t e r   c o n t a c t   w i t h   t he   c o a t i n g   c o m p o s i t i o n ,   t h e  

c o a t e d   m e t a l l i c   s u r f a c e   may  be  s u b j e c t e d   to  f u r t h e r  

p r o c e s s i n g   s t e p s ,   as  a re   known.   Such  s t e p s   a r e  

d e s c r i b e d   b r i e f l y   h e r e a f t e r .   W a t e r   r i n s i n g   t h e  

c o a t e d   s u r f a c e   a f t e r   i t   h a s   b e e n   w i t h d r a w n   f r o m   t h e  

c o m p o s i t i o n ,   and  b e f o r e   s i g n i f i c a n t   d r y i n g   t a k e s   -  

p l a c e ,   i s   e f f e c t i v e   i n   r e m o v i n g   t h e r e f r o m   r e s i d u a l s  

s u c h   as  a c i d   and  o t h e r   i n g r e d i e n t s   of  t h e   b a t h   t h a t  

a d h e r e   to  t h e   c o a t e d   s u r f a c e .   F o l l o w i n g   any  r i n s e  

s t e p s   e m p l o y e d   a f t e r   t h e   c o a t e d   s u r f a c e   i s   w i t h d r a w n  

f r o m   t h e   c o m p o s i t i o n ,   t he   c o a t i n g   s h o u l d   be  d r i e d .  

F u s i o n   o f   t h e   r e s i n o u s   c o a t i n g   r e n d e r s   i t   c o n t i n u o u s ,  

t h e r e b y   i m p r o v i n g   i t s   r e s i s t a n c e   to  c o r r o s i o n   a n d  

a d h e r e n c e   to   t h e   u n d e r l y i n g   m e t a l l i c   s u r f a c e .   T h e  

c o n d i t i o n s   u n d e r   w h i c h   t h e   d r y i n g   a n d / o r   f u s i o n  

o p e r a t i o n   i s   c a r r i e d   ou t   d e p e n d   s o m e w h a t   u p o n   t h e  

t y p e   of  r e s i n   e m p l o y e d .   In   g e n e r a l ,   h e a t   w i l l   b e  



r e q u i r e d   to   f u s e   t h e   r e s i n .   As  i s   k n o w n ,   c e r t a i n  

t y p e s   of  c o a t i n g - f o r m i n g   m a t e r i a l s ,   f o r   e x a m p l e   e p o x y  

r e s i n s ,   s h o u l d   be  c r o s s - l i n k e d   or  c u r e d .  



The  f o l l o w i n g   E x a m p l e s   s e r v e   to  i l l u s t r a t e ,   b u t  

n o t   to   l i m i t ,   t h e   p r e s e n t   i n v e n t i o n .  

E x a m p l e   1 

The  s u i t a b i l i t y   as  f e r r o u s   c o m p l e x e r s   o f  

s e v e r a l   c a r b o x y l i c   a c i d s   was  e v a l u a t e d   as  f o l l o w s  :  

(1 )   DAREX  637  s t y r e n e - b u t a d i e n e   l a t e x   w a s  
d i l u t e d   to  10  p e r c e n t   w e i g h t / v o l u m e  

s o l i d s .   A l i q u o t s   of  100  ml  e a c h   w e r e  

p l a c e d   in   15  g l a s s   j a r s .  

(2)   To  e a c h   j a r   c o n t a i n i n g   t h e   above   l a t e x  

was  a d d e d   0 . 5   gram  of  a  c a r b o x y l i c   a c i d  

d i s s o l v e d   i n   10  ml  of  w a t e r .   T h e  

c a r b o x y l i c   a c i d s   u s e d   a re   g i v e n   i n  

T a b l e   1  b e l o w .  

(3)   A  c o a g u l a t i n g   s o l u t i o n   was  p r e p a r e d   b y  

d i s s o l v i n g   25  g r a m s   of  F e S O 4 · H 2 O   i n  

w a t e r   a n d  d i l u t i n g   to  1  l i t r e .   Ten  m l  

of   t h i s   s o l u t i o n   were   a d d e d   to   e a c h  

g l a s s   j a r .  

(4)   E a c h   of   t h e   l a t e x   s o l u t i o n s   c o n t a i n i n g  

a  c a r b o x y l i c   a c i d   and  c o a g u l a n t   w a s  

a l l o w e d   to  s t a n d   f o r   72  h o u r s .   No 

c o a g u l a t i o n   was  a p p a r e n t   to  t h e   n a k e d  

eye  f o r   any  s o l u t i o n   c o n t a i n i n g   a  

c a r b o x y l i c   a c i d .   A  c o n t r o l ,   c o n t a i n i n g  

o n l y   l a t e x   and  c o a g u l a n t   and  n o  

c a r b o x y l i c   a c i d ,   c o a g u l a t e d   a l m o s t  

i m m e d i a t e l y .  

(5)   A n o t h e r   10  ml  of  FeSO4 ·7H2O  c o a g u l a n t  

we re   n d d e d   to  e a c h   g l a s s   j a r .   A f t e r  

s e v e r a l   h o u r s ,   no  c o a g u l a t i o n   was  y e t  

a p p a r e n t   to   t h e   n a k e d   e y e .   M i c r o s c o p i c  

e x a m i n a t i o n s   of  t h e   s o l u t i o n s   at   1 0 0 x  



t h e n   we re   made .   A l s o ,   t he   b e h a v i o u r   of  e a c h   of  t h e  

s o l u t i o n s   was  v i s u a l l y   o b s e r v e d   upon   f i l t r a t i o n  

t h r o u g h   " q u a l i t a t i v e "   f i l t e r   p a p e r .   The  r e s u l t s  

a re   p r e s e n t e d   in   T a b l e   1  b e l o w .  



The  r e s u l t s   r e p o r t e d   in   T a b l e   1  above   i n d i c a t e  

t h a t   t h e   f o l l o w i n g   a c i d s   a re   e f f e c t i v e   as  f e r r o u s  

c o m p l e x e r s   in   a  l a t e x   c o m p o s i t i o n :   s u c c i n i c ,   i t a c o n i c ,  

g a l l i c ,   l a c t i c ,   t a r t a r i c ,   m a l i c ,   f u m a r i c ,   c i t r i c ,  

g l a c i a l   a c r y l i c   and  a c e t i c   a c i d s .   The  f o l l o w i n g  

c a r b o x y l i c   a c i d s   ( h a v i n g   t he   r e l a t i v e l y   h i g h   d i s s o c -  

i a t i o n   c o n s t a n t s   n o t e d   in   T a b l e   1)  we re   n o t   e f f e c t i v e  

as  f e r r o u s   c o m p l e x e r s :   m a l o n i c ,   m a l e i c   a n d  

d i g l y c o l i c   a c i d s .   U n d e r   s i m i l a r   c o n d i t i o n s ,  

m i n e r a l   a c i d s   s u c h   as  s u l p h u r i c ,   h y d r o c h l o r i c   a n d  

n i t r i c   a c i d s ,   were   f o u n d   to  be  i n e f f e c t i v e   as  f e r r o u s  .  

c o m p l e x e r s   in   t h a t   l a t e x   d e s t a b i l i s a t i o n   o c c u r r e d  

r a p i d l y .  

E x a m p l e   2  

A u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n s   we re   p r e p a r e d  

as  f o l l o w s :   180  g r ams   of  DAREX  637  l a t e x   and  5  g r a m s  
of  AUABLAK  115  a q u e o u s   p i g m e n t   d i s p e r s i o n   (  a  

c a r b o n   b l a c k   p i g m e n t ,   p r o d u c t   of  B o r d e n   C h e m i c a l   C o . )  

were   p l a c e d   in   a  1  l i t r e   p o l y e t h y l e n e   b e a k e r   a n d  

t h e   r e s u l t i n g   m i x t u r e   was  d i l u t e d   to   a  v o l u m e   o f  

950  ml .   F i f t y   ml  of  a  s o l u t i o n   c o n t a i n i n g   3  g r a m s  
of  f e r r i c   f l u o r i d e   and  2 .3   g r a m s   o f   HF  w e r e   a d d e d  

to   t h e   m i x t u r e   to   make  1  l i t r e   of  c o a t i n g   c o m p o s i t i o n .  

To  1  l i t r e   of  t h e   above   c o m p o s i t i o n ,   5  g r a m s  
of  c i t r i c   a c i d   were   a d d e d .   U n p o l i s h e d   c o l d - r o l l e d  

s t e e l   Q - p a n e l s   (3"  x  4")   were   i m m e r s e d   f o r   9 0  

s e c o n d s   i n   t h i s   c o m p o s i t i o n .   A  t o t a l   of   6  s q u a r e  

f e e t   of  Q - p a n e l   was  c o a t e d ,   a f t e r   w h i c h   i t   was  f o u n d  

t h a t   t h e   c i t r i c   a c i d - c o n t a i n i n g   c o m p o s i t i o n   had   a  

50%  g r e a t e r   r e d o x   p o t e n t i a l   (155   v e r s u s   103)   a n d  

p r o v i d e d   a  c o a t i n g   h a v i n g   a p p r o x i m a t e l y   a  20% 

g r e a t e r   f i l m   t h i c k n e s s   ( 0 . 9 5   m i l   v e r s u s   0 . 8 0   m i l ) ,  

as  c o m p a r e d   to   t h e   u se   of  a  c o n t r o l   c o m p o s i t i o n  

c o n t a i n i n g   i d e n t i c a l   i n g r e d i e n t s ,   b u t   w i t h o u t   c i t r i c   a c i d .  



E x a m p l e   3 

A  c o m p o s i t i o n   i d e n t i c a l   to  t h a t   of   E x a m p l e   2 ,  

e x c e p t   t h a t   (a)   no  p i g m e n t   was  u s e d   and  (b)  5  g r a m s  
of  f u m a r i c   a c i d   were   s u b s t i t u t e d   f o r   t h e   5  g r a m s  
of  c i t r i c   a c i d ,   was  p r e p a r e d .   Q - p a n e l s   (3"  x  4 "  

u n p o l i s h e d ,   c o l d - r o l l e d   s t e e l )   were   i m m e r s e d   f o r  

90  s e c o n d s   in  the  c o m p o s i t i o n .   A  t o t a l   of  12  s q u a r e  

f e e t   of  p a n e l   were   c o a t e d   b e f o r e   h y d r o g e n   p e r o x i d e  

a d d i t i o n   b e c a m e   n e c e s s a r y   to   m a i n t a i n   t h e   r a t e   o f  

c o a t i n g   f o r m a t i o n .   T h i s   r e p r e s e n t s   a  d o u b l i n g   o f  

s q u a r e   f o o t a g e   of  p a n e l   c o a t e d   as  c o m p a r e d   to   a  

c o n t r o l   c o m p o s i t i o n   w i t h o u t   f u m a r i c   a c i d .   W i t h  

p e r i o d i c   r e p l e n i s h m e n t   and  p e r o x i d e   a d d i t i o n ,   a  

t o t a l   of  40  s o u a r e   f e e t   of  Q - p a n e l   were   c o a t e d  

u s i n g   t h e   f u m a r i c   a c i d - c o n t a i n i n g   c o m p o s i t i o n ,  

w h i c h   r e p r e s e n t s   a  c o m p l e t e   b a t h   " t u r n - o v e r " .  



1.  A  p r o c e s s   f o r   f o r m i n g   an  a u t o d e p o s i t e d   c o a t i n g  

on  a  f e r r o u s   s u r f a c e ,   w h i c h   p r o c e s s   c o m p r i s e s  

c o n t a c t i n g   t h e   s u r f a c e   w i t h   an  a u t o d e p o s i t i n g   c o a t i n g  

c o m p o s i t i o n   o f   t h e   k i n d   w h e r e i n   f e r r o u s   i r o n   i s  

f o r m e d   in   t h e   c o m p o s i t i o n   f r o m   t h e   d i s s o l u t i o n   of  t h e  

f e r r o u s   s u r f a c e   and  on  c o n t i n u e d   u se   t e n d s   to  b u i l d  

up  in   c o n c e n t r a t i o n   t h e r e b y   a d v e r s e l y   a f f e c t i n g   t h e  

p e r f o r m a n c e   of  t h e   c o m p o s i t i o n   c h a r a c t e r i s e d   in   t h a t  

a  c a r b o x y l i c   a c i d   w h i c h   is   e f f e c t i v e   in   c o m p l e x i n g  
f e r r o u s   i r o n   i s   i n c l u d e d   in   t h e   c o m p o s i t i o n   in   a n  

a m o u n t   e f f e c t i v e   to  m a i n t a i n   t h e   c o a t i n g   e f f e c t i v e -  

n e s s  o f   t h e   c o m p o s i t i o n .  

2.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e  

a c i d   h a s   a  d i s s o c i a t i o n   c o n s t a n t   of  f rom  a b o u t  

1 . 5   x  1 0 - 5   to   a b o u t   1  x  1 0 - 3 .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or  c l a i m   2 ,  

w h e r e i n   t h e   a c i d   i s   s u c c i n i c ,   c i t r i c ,   i t a c o n i c ,   m a l i c ,  

l a c t i c ,   t a r t a r i c ,   f u m a r i c ,   g a l l i c ,   g l a c i a l   a c r y l i c ,  

or  a c e t i c   a c i d   or  a  m i x t u r e   of  two  or  more  of   t h e s e  

a c i d s .  

4.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   3,  w h e r e i n   t h e  

a c i d   i s   c i t r i c   a c i d .  

5.  A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   o f   t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t he   c o m p o s i t i o n   i n c l u d e s   s o l i d   r e s i n  

p a r t i c l e s ,   h y d r o f l u o r i c   a c i d   and  f e r r i c   i r o n .  

6.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   5,  w h e r e i n   t h e  

s o u r c e   of  f e r r i c   i r o n   i s   f e r r i c   f l u o r i d e .  

7.  A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t h e   c a r b o x y l i c   a c i d   i s   a d d e d   to  t h e  



c o m p o s i t i o n   in  an  a m o u n t   of  f rom  a b o u t   0 . 5   to   a b o u t  

10  g / 1 .  

8.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g  

c l a i m s ,   w h e r e i n   an  o x i d i z i n g   a g e n t   w h i c h   i s   e f f e c t i v e  

in  o x i d i z i n g   some  of  t h e   f e r r o u s   i r o n   to  f e r r i c   i r o n  

i s   added   to  t he   c o a t i n g   c o m p o s i t i o n .  

9.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   1  s u b s t a n t i a l l y  

as  h e r e i n b e f o r e   d e s c r i b e d   s p e c i f i c a l l y ,   in  p a r t i c u l a r  

w i t h   r e f e r e n c e   to  t h e   s p e c i f i c   E x a m p l e s .  

10.  An  a u t o d e p o s i t i n g   c o a t i n g   c o m p o s i t i o n   f o r   u s e  

in  f o r m i n g   an  a u t o d e p o s i t e d   c o a t i n g   on  a  f e r r o u s  

s u r f a c e   and  of  t he   k i n d   w h e r e i n   f e r r o u s   i r o n   t e n d s  

to  b u i l d   up  in   c o n c e n t r a t i o n   in   t h e   c o m p o s i t i o n   a n d  

a d v e r s e l y   to  a f f e c t   the   c o a t i n g   c a p a b i l i t i e s   of  t h e  

c o m p o s i t i o n   as  i t   i s   u s e d   c o n t i n u o u s l y   to  c o a t  

f e r r o u s   s u r f a c e s   c h a r a c t e r i s e d   in  t h a t   s a i d   c o m p o s i t i o n  

c o n t a i n s   a  c a r b o x y l i c   a c i d   w h i c h   i s   e f f e c t i v e   i n  

f o r m i n g   a  c o m p l e x   w i t h   s a i d   f e r r o u s   i r o n   in  an  a m o u n t  

e f f e c t i v e   to  m a i n t a i n   t h e   c o a t i n g   c a p a b i l i t i e s   o f  

the   c o m p o s i t i o n .  

11.   A  c o m p o s i t i o n   a c c o r d i n g   t o   c l a i m   10,  w h e r e i n   t h e  

a c i d   has   a  d i s s o c i a t i o n   c o n s t a n t   of  f rom  a b o u t   1 . 5   x  

1 0 - 5   to  a b o u t   1  x  1 0  3 .  

12.   A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   10  or  c l a i m   1 1 ,  

w h e r e i n   the   a u t o d e p o s i t i n g   c o m p o s i t i o n   c o m p r i s e s  

d i s p e r s e d   s o l i d   r e s i n   p a r t i c l e s ,   h y d r o f l u o r i c   a c i d  

and  f e r r i c   i r o n .  

13.  A  c o m p o s i t i o n   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1 0  

to  12,  w h e r e i n   t he   c a r b o x y l i c   a c i d   i s   s u c c i n i c ,   c i t r i c ,  

i t a c o n i c ,   m a l i c ,   l a c t i c ,   t a r t a r i c ,   f u m a r i c ,   g l a c i a l  

a c r y l i c ,   g a l l i c   or   a c e t i c   a c i d   or  a  m i x t u r e   of  two  o r  



more  of   t h e s e   a c i d s .  

14 .   A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   13,   w h e r e i n  

t h e   c a r b o x y l i c   a c i d   i s   c i t r i c   a c i d .  

15.   A  c o m p o s i t i o n   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1 0  

to   14,   w h e r e i n   t h e   c a r b o x y l i c   a c i d   i s   p r e s e n t   in   a n  

a m o u n t   of  f rom  a b o u t   0 . 5   t o   a b o u t   10  g / 1 .  

16 .   A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   10  s u b s t a n t i a l l y  

as  h e r e i n b e f o r e   d e s c r i b e d   s p e c i f i c a l l y ,   in   p a r t i c u l a r  

w i t h   r e f e r e n c e   to   t he   s p e c i f i c   E x a m p l e s .  
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